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(54) A holding member for holding an electrochemical cell, a holding structure for the same, an 
electrochemical system and a connecting member for electrochemical cells 



(57) The invention provides an assembly structure 

for facilitating the assembly of laminated single cells, for 
reducing the possibility of gas leakage after repeated 
cycles of temperature elevation and reduction, and for 
preventing the reduction of working efficiency of cells 
due to the gas leakage. A plate-shaped electrochemical 
cell 9 made of a ceramic material with a through hole 9a 
formed therein is held by a holding member 1 . The mem- 



ber 1 is made of a ceramic material and has a plate- 
shaped main body 1a of a shape of a flat plate and a 
protruded portion 1 b protruding from the main body 1 a. 
A first supply hole 2A for supplying one gas and a sec- 
ond supply hole 2B for supplying the other gas are 
formed in the holding member 1 . The main body la has 
a sealing surface 1c against the one main face 9a of the 
cell 9 while the protruded portion 1b is inserted into the 
through hole 9a. 
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of thermal expansion after repeated thermal cycles of 
temperature elevation and reduction. The gas leakage 
may be likely to increase as a result. 
[0011] Further In a prior planar type solid oxide fuel 
celL gas sealing is assured in the outer boundary of the s 
planar type fuel cell structure. II is thus difficult to reduce 
the thermal stress generated in the central portion of the 
cell so that the cell might be susceptible to crack forma- 
tion. 

[0012] Further, when nickel felt is used as an electri- io 
cally conductive connecting member, a fuel gas may be 
supplied into small gaps within the nickel felt and re- 
mains in it, and then it may be discharged outside of a 
container before contributing to power generation. 
When hydrogen is used as the fuel gas, the power gen- is 
eration causes water production on a anode electrode 
side. However, the produced water may be advanced 
into small gaps within the nickel felt and remain therein. 
In this case, the partial pressure of oxygen in fuel gas 
is increased as a result of the chemical equilibrium of 20 
water-oxygen-hydrogen system in the fuel gas, resulting 
in a decrease of the open circuit voltage. Further, me- 
chanical pressing on the cell is needed to reduce the 
contact resistance and thus to improve the electrical 
connection. In this case, the electrochemical cell might 25 
be susceptible to crack formation. 
[001 3] An object of the invention is to provide a novel 
electrochemical system having a planar single cells 
stacked with each other, and to facilitate the stacking of 
the single cells and separator 30 
[001 4] Another object of the invention is to reduce the 
possibility of gas leakage after repeated cycles of tem- 
perature elevation and reduction and to prevent the re- 
duction of generating efficiency of the cells due to the 
gas leakage. 35 
[0015] When a mesh is used as an electrically con- 
ductive connecting member, a fuel gas flows within 
grooves of the separator and is supplied onto an elec- 
trode surface. In this case, since metallic wire of the 
mesh contacts and covers the electrode surface, the fu- 40 
el gas cannot be supplied onto the electrode surface at 
parts covered with the metallic wire and is lost. Further, 
although the fuel gas can be supplied within grooves on 
the separator, the fuel gas is not penetrated to a part of 
a protrusion in the separator as will be described later. 45 
This is because, a mesh is sandwiched and pressed be- 
tween a surface of the protrusion and the electrode sur- 
face, the mesh (metallic wire forming the mesh) works 
as an obstacle for the supplying fuel gas. The penetra- 
tion of a fuel gas into gaps (interstices) between the pro- so 
trusion surface and electrode surface is thus prevented. 
As a result, a substantial area In the electrode surface 
of a single cell does not contribute to power generation. 
Further, when a mesh is sandwiched between the pro- 
trusion surface and the electrode surface and pressed, ss 
the defonnation of the mesh in the thickness direction 
is relatively small. In this case, one side or uneven 
pressing on an electrochemical cell is likely to occur due 



to a slight distortion in the cell, thereby the cell might be 
susceptible to crack formation. 

[0016] Further, when a corrugated metallic sheet, for 
example an expanded metal is used as an electrically 
conductive connecting member, the stacking and press- 
ing of the electrically conductive connecting member 
and the separator caused the following problems. That 
is, when a plurality of coiTugated sheets and separators 
are alternately stacked to form a generator, this stack 
are pressurized toward the stacking direction by a given 
pressing mechanism. By this pressing the corrugated 
sheet is compression-dcformod in such a manner that 
the thickness of the corrugated sheet is reduced. In this 
case, if the pressing direction is perfectly controlled to 
the stacking direction, there is no problem. Neverthe- 
less, in practice a correct control of the pressing direc- 
tion is difficult. 

[0017] For example, as shown in FIG. 1(a), a corru- 
gated sheet 82 is sandwiched between an electrochem- 
ical cell 81 and a separator 80 and is pressed. In this 
case, it is common that the centers of gravity of respec- 
tive loads in both ends (upper and lower ends) of the 
stack are slightly shifted. Namely, in this case, a load is 
applied toward slanted directions S and T with respect 
to the stacking direction A on a corrugated sheet, as 
shown by an arrow R. As a result, a pressure perpen- 
dicular to the stacking direction A Is applied onto the cor- 
rugated sheet 82. Wen a pressure in a direction of an 
arrow T is applied as shown in FIG. 1 (b), the deforma- 
tion of the corrugated sheet 82 is small. However, if a 
component of the direction of an arrow S is present in a 
pressure on the sheet, the entire corrugated sheet 82 is 
deformed in such a mannerthat it is crushed toward the 
corrugation advancing direction (direction of an arrow 
S). As a result, the separator 80 and the electrochemical 
cell 81 are shifted in the direction of arrow S so that the 
assembled cells may be broken. 
[001 8] An object of the present invention is to provide 
a novel electrochemical system with an electrochemical 
cell and an electrically conductive connecting member 
contacting the cell, and to prevent the residence of a gas 
within the connecting member 

[001 9] Another object of the present invention is to re- 
duce a region on an electrode surface of the electro- 
chemical cell which is not in contact with a gas. 
[0020] Still another object of the present invention is 
to reduce the contact resistance of tbe connecting mem- 
ber, so that soft contact of the connecting member and 
the cell -may be realized and the breakage of the cell 
may be prevented. 

(Disclosure of a first aspect of the invention) 

[0021] A first aspect of the present invention provides 
a holding member having one and the other main faces 
for holding a planar electrochemical cell , The cell is 
made of a ceramic material with a through hole formed 
therein. The holding member is made of a ceramic ma- 
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as an electrically conductive connecting member ac- 
cording to one embodiment of the present invention. 
[0040] FIG. 11 is a cross-sectional view showing a 
part of the mesh 31 In FIG. 10 in an enlarged scale. 
[0041] FIG. 12 is a principal cross-sectional view s 
showing a slate where Ihe mesh 31 was intervened be- 
tween a separator 37 and an electrochemical cell 38. 
[0042] FIG. 13 is a principal cross-sectional view 
showing a state where non-emboss shape provided 
mesh 41 was inten/ened between the separator 37 and 10 
the electrochemical cell 38. 

[0043] FIG. 14 is a cross-sectional view showing a 
part of a mesh 51 according to another embodiment of 
the present invention. 

[0044] FIG. 15 is a principal cross-sectional view 15 
showing a state where a mesh 51 was intervened be- 
tween the separator 37 and the electrochemical cell 38. 
[0045] FIG. 1 6 Is a perspective view showing an elec- 
trically conductive connecting member 61 consisting of 
a punching metal, 20 
[0046] FIG. 1 7 is a perspective view showing an elec-. 
trically conductive connecting member 71 consisting of 
an expanded metal. 

[0047] FIG. 1 8 (a) is a plan view showing a separator 

65A. 25 
[0048] FIG. 18 (b) is a cross-sectional view taken 
along a line XVIIIb - XVIIIb of the separator 65A. 
[0049] FIG. 1 9 (a) is a plan view showing a separator 
65B. 

[0050] FIG. 19 (b) is a cross-sectional view taken 30 
along a line XVIVb - XVIVb of the separator 65B. 
[0051] FIG. 20 (a) is a plan view showing a separator 

65C. 

[0052] FIG. 20 (b) is a cross-sectional view taken 
along a line XXb - XXb of the separator 65C. 35 
[0053] FIG. 21 (a) is a plan view showing a separator 
65D when viewed from the main surface 65b side there- 
of. 

[0054] FIG. 21 (b) is a cross-sectional view taken 
along a line XXIb - XXIb of the separator 65D. 40 
[0055] FIG. 22 is a plan view of the separator 65D 
when viewed from the main surface 65a side thereof. 
[0056] FIG. 23 is a schematic view showing an exper- 
imental device for power generation tests. 

45 

Preferred embodiments of the invention 

(Detailed description of the first aspect of the present 
invention) 

50 

[0057] The first aspect of the present invention, espe- 
cially the advantages, effects and preferred embodi- 
ments, will be described below, referring to the attached 

drawings. 

[0058] FIG. 2 is a cross-sectional view schematically 55 
showing a holding member 1 according to one embod- 
iment of the first aspect of the invention. FIG. 3 (a) is a 
plan view of the holding member 1 when viewed from 



the main surface 5 side, and FIG. 3 (b) is a plan view of 
the holding member 1 when viewed from the main sur- 
face 6 side. 

[0059] Although the planarshape of the holding mem- 
ber 1 is substantially round as shown, for example, in 
FIG. 3, the shape is not limited to the round shape, but 
an oval shape, or a polygonal shape may be used. For 
minimizing the thermal stress in the single cell, the hold- 
ing member 1 is preferably substantially round. The 
holding member 1 has a main body 1a having a com- 
paratively larger diameter and a protruded portion lb 
having a comparatively smaller diameter. Further, a pair 
of through holes 2A and 2B are formed between the 
main surfaces 5 and 6 so that they penetrate the main 
body la and protruded portion 1b. The through hole 2A 
is a supply hole for one gas and the through hole 28 is 
a supply hole for the other gas. The reference numerals 
5 and 6 each denotes a sealing surface against the ad- 
jacent separators as will be described later, and each 
sealing face is flat in the present example. The reference 
numerals 1c and 4 each denotes a sealing surface 
against an electrochemical cell, as described later. 
[0060] One gas passage 7 is formed on the main sur- 
face 5 side of the main body 1 a, and the other gas pas- 
sage 8 is formed on the main surface 6 side of the pro- 
truded portion 1b. The passage 7 is composed of a 
groove formed on the side of the main surface 5, as 
shown in FIG. 3 (a) and communicates with one supply 
hole 2A. The flow passage 8 is composed of a groove 
formed on the side of the main surface 6, as shown in 
FIG. 3 (b) and communicates with the other supply hole 
2B. 

[0061] FIG. 4 is a holding structure 20 comprising an 
electrochemical cell 9 and a holding member 1 holding 
the cell. The cell 9 is formed of a three-layered structure 
comprising, for example, one electrode 1 1 , a solid elec- 
trolyte layer 12 and the other electrode 13. A protruded 
portion lb is inserted through a through hole 9a of the 
cell 9, A sealing member 1 0B is intervened between the 
outer peripheral surface 4 of the protruded portion lb 
and the cell 9. Further, a sealing member 10A is inter- 
vened between the one main surface 9b of the cell 9 
and the sealing face 1c of a flange portion of the main 
body la. 

[0062] FIG. 5 is a cross-sectional view showing a pla- 
nar separator 15 stacked on the holding structure 20 in 
FIG. 4. Further, FIG. 6 is a schematic cross-sectional 
view showing an electrochemical system obtained by 
stacking the holding structures 20 and the separators 
15 shown in FIG. 5. In FIG. 5, only three layers of elec- 
trochemical cells and separators are drawn because of 
the limitation of the drawing sheet, but the numbers of 
the cells and separators can be optionally changed. 
[0063] In this example, the separator 1 5 is flat plate- 
shaped and is made of an electrically conductive mate- 
rial such as a metal or the like. In the separator 15, a 
pair of through holes 16A and 1 68 are fornied at posi- 
tions corresponding to the through holes 2A and 2B of 
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gas passage in the holding member so as to prevent the 
reduction in strength of the holding member around the 

sealing surface. 

[0075] It Is thus preferred to shift at least a part of the 
function of gas supply passage to the separator by pro- 
viding a gas supply passage in Ihe separator, for ensur- 
ing the mechanical strength of the ceramic holding 
member under heating and pressing. 
[0076] Thus, in a preferred embodiment, the separa- 
tor is provided with one supply passage communicating 
with one gas supply hole of the holding member and a 
space over the electrochemical cell. In this case, since 
a part of the function of gas supply is transferred to the 
separator, the one gas passage in the holding member 
may be reduced or may be omitted. Accordingly, the me- 
chanical stability near the sealing surface of the holding 
member may be improved. Most preferably, the holding 
member is not provided with the one gas passage. 
[0077] In a preferred embodiment, the separator is 
provided with the other supply passage communicating 
with the other gas supply hole and a space overthe elec- 
trochemical cell. In this case, the other gas passage in 
the holding member may be also reduced or omitted. 
Most preferably, the holding member is not provided 
with the other gas passage. 

[0078] The material for a separator is not particularly 
limited, as far as the material is resistive against a gas 
used at an operating temperature The separator may 
preferably be, for example, a complex oxide of per- 
ovskite type containing lanthanum and more preferably 
be lanthanum chromite. 

[0079] The separator may preferably be made of a 
metal such as stainless steel, a nickel-based alloy, a co- 
balt-based alloy and an iron-based alloy, tnthis case, 
gas supply passage having various shapes may be 
formed in the separator Further the separator Is unlike- 
ly to brealt under heating and pressing. 
[0080] FIGS. 7 to 9 show an electrochemical system 
according to such embodiment. FIG. 7 is a cross-sec- 
tional view showing a separator 1 5A. The separator 1 5A 
is substantially flat plate-shaped as a whole. The sepa- 
rator 1 5A is provided with gas supply holes 1 5c and 1 5d 
communicating with the corresponding supply holes of 
the holding member, and is also provided with gas sup- 
ply passage 15e and 15f. Each of the gas supply pas- 
sage 15e and 15f has a portion extending in substan- 
tially parallel with the direction of an arrow A and a por- 
tion extending substantially vertical thereto, so that each 
passage Is bent. Further, the separator 15A Is provided 
with recess t5h and 15g for receiving the respective 
sealing members. 

[0081] In a prefen-ed embodiment, the gas supply 

passage fomned in the separator may be bent and/or 
curved. Such design is effective for diffusing the gas ra- 
dially at the outer periphery of the holding member just 
before entering the power generating room, andforsup- 
plying the gas uniformly onto the whole surface of the 
cell. 



[0082] As shown in FIG. 8, the holding structure 20A, 
the separator 15A and sealing member 17 are laid al- 
ternately to prepare a stacl<. In the present example, the 
holding member 1 A does not include such a gas supply 
s passage communicating with the space 19 or 29. The 
respective sealing members 17 are received in the re- 
cess 16g and 15h and thus fixed. One gas flows in a gas 
supply hole 16A as an arrow B, and then flows in the 
gas supply passage 15e in the separator 15A while be- 

10 ing bent as an arrow E, and then is supplied into the 
space 1 9. The other gas flows in a gas supply hole 1 6B 
as an arrow D, and then flows in the gas supply passage 
15f in the separator 15A while being bent as an arrow 
F, and then is supplied into the space 29. When the gas 

'5 flows in bent supply passage 15e and 15f, the gas is 
diffused radially at the outer periphery of the holding 
member just after supplied into the space 19 and 29. 
The diffused gas may thus be supplied into the spaces 
19 and 29 unifonnly. Accordingly, the use efficiency of 

20 gas is enhanced. The gas supply passage may be bent 
two or more times. The separator surfaces 1 5a and 1 5b 
directly facing the spaces 19 and 29, respectively, may 
be provided with a gas flow passage with an uneven 
shape. As a result, the flow of supplied gas is controlled 

25 by the passage, so that the gas may be uniformly sup- 
plied Into the whole of the spaces. 
[0083] In a preferred embodiment, an assembled 
generator is produced by a plurality of separators, elec- 
trochemical cells and holding members, and a holding 

30 structure for holding the assembled cell while pressing 
them is provided. This pressing mechanism is not par- 
ticularly limited. For example, this pressing mechanism 
may be a fastening member such as a bolt or the like, 
or a pressing mechanism such as a spring or the like. 

35 [0084] FIG. 9 is a schematic view showing an assem- 
bled generator according to the present embodiment. 
An assembled generator (stack) 28 is formed by stack- 
ing and assembling the above-mentioned separators 
1 5A, the holding members 1 A, the electrochemical cells 

^0 9 and connecting members. Pressing plates 23A and 
23B are located at the upper and lower ends of this as- 
sembled generator 28, respectively, and they sandwich 
the generator 28. The pressing plates 23A and 23B are 
fastened by a fastening mechanism 24 and pressed by 

45 a bolt (a fastening mechanism), in a direction of an arrow 
.A. To the gas supply holes 1 6A and 16B are connected 
exterior gas pipes 26 and 25, respectively, so that gas 
can be supplied. The connection of this gas pipe to the 
gas supply hole is not limited. For example, the gas 

50 pipes may be connected to both of the upper and lower 
ends of the stack, respectively, so that one gas flows 
from the upper to the lower ends and the other gas flows 
from the lower to upper ends. Such design may be ef- 
fective for supplying gas uniformly to the generator 

55 (stack). 

[0085] As described above, according to the first as- 
pect of the present invention, it is possible to facilitate 
the assembly and stacking of single cells, to reduce the 
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total of a width "d" of the non emboss shape provided 
portion 31a and a height "h" of the emboss shape pro- 
vided portion 31b of the mesh, as shown in FIG. 11 . 
[0094] By such structure, the one gas flows within the 
passage 43A and, at the same time, flows within the s 
passage 43B formed by the mesh 31 and the separator 
37 as shown by an arrow K. One gas then contacts oqe 
electrode 39 through the mesh interstices 33 in the non- 
emboss shape provided portion 31 a from the space 43B 
as shown by an arrow M. At the same time, the gas flow- io 
ing in the space 43B is passed through the mesh inter- 
stices 33A in the emboss shape provided portion 31b, 
as shown by an arrow L. The gas then flows into the flow 
passage 43C (space 35) between the emboss shape 
provided portion 31b and the one electrode 39, so that 's 
the gas contacts the one electrode 39 within the flow 
passage 43C. 

[0095] On the other hand, when emboss shape pro- 
vided portions are not provided in the mesh, the mesh 
41 braided flatly is sandwiched between the separator 20 
37 and cell 38, as shown In FIG. 13. One side 41c of the 
mesh 41 contacts a protruded surface 37b of the sepa- 
rator 37. The other side 41 d of the mesh 41 contacts a 
surface of the one electrode 39. When gas is supplied .... 
to the passage 43A in this state, this gas contacts the 25 
one electrode 39 as shown by an arrow N from the pas- 
sage 43A. However, the mesh Interstices 43D between 
the protruded surface 37b and the electrode 39 is sur- 
rounded by an electrically conductive wires 42. That is, 
the electrically conductive wires 42 block the flow of gas so 
from the passage 43A into a gap 43D between the pro- 
truded surface 37b and the electrode 39. Thus, In the 
area of the passage 43A (groove 37a), gas can be sup- 
plied to the electrode of the electrochemical cell. How- 
ever, in the area of the protruded surface 37b, gas Is 35 
hardly supplied to the electrode. 
[0096] Further, even when the pressing direction for 
the assembled cells Is slanted from the stacking direc- 
tion A in the present invention, the emboss shape pro- 
vided portions are flatly and regularly formed as shown 40 
in FIG. 1 0. It is thus possible to prevent the crush of the 
mesh in a specific direction and the lateral shift of the 
separator and electrochemical cell. 
[0097] The material for the connecting member ac- 
cording to the second aspect must be stable with re- 45 
spect to a gas to which this member is exposed, at an 
operating temperature of an electrochemical cell. Spe- 
cifically, materials stable against an oxidizing gas in- 
clude platinum, silver, gold, palladium, a nickel-based 
alloy such as Inconel, nichrom and the like, a cobalt- so 
based alloy such as Haynes alloy and the like, and an 
iron-based alloy such as stainless steel and the like. Ma- 
terials which are stable against a reducing gas include 
nickel and nickel-based alloy in addition to the above 
described materials stable against an oxidizing gas. 55 
[0098] An emboss shape provided portion means a 
portion having an optional shape obtained by a plastic 
deformation process such as embossing. The process 



for imparting an emboss shape may be any forming 
process for press-deforming a part of a permeable 
member such as a mesh to form the above-mentioned 
protruded portion (embossed portion) and a recess 35. 
The concrete performance process is not limited. Typi- 
cally, the emboss shape may be provided by pressing 
the penmeable member such as a mesh with an em- 
bossing die, such as a deep drawing process or the like. 
[0099] A penneable material forming a connecting 
member is not limited, as far as it has permeability. How- 
ever, preferably it can be plastically deformed during 
pressing. The permeable materials are preferably as fol- 
lows. 

Mesh (mesh-like object) 

[0100] Metallic plate in which a large number of vent 
holes are regularly formed: Preferably, a punching met- 
al, an etching metal, an expanded metal (expand) 
[0101] It is preferred that the emboss shape provided 
portions are regularly formed in plan view. It is particu- 
larly preferable that the emboss shape provided por- 
tions are arranged in at least two directions in plan view. 
[0102] In a permeable material (for example a mesh) 
forming a connecting member, the height h (see FIG. 
1 1 ) of the emboss shape provided portion from the non- 
emboss shape provided portion Is not particularly limit- 
ed. However, from the viewpoint of improving the gas 
flow, the height is preferably 0.3 mm or more, and more 
preferably 0.5 mm or more. However, when the height 
h is too large, the volume of a space for the gas flow is 
increased. Thus, the volume of an useless gas, which 
Is not utilized by the cell and Is passed there through, Is 
possibly Increased and the generating efficiency of the 
cell per an unit volume is possibly reduced. From this 
viewpoint, the height h is preferably 5 mm or less and 
more preferably 3 mm or less. 

[0103] The dimension of each emboss shape provid- 
ed portion, the number of the portions and the planar 
shape of the portion are not parttoularly limited, and a 
round circular shape, an oval shape, a triangular shape, 
a rectangular shape, and a hexagonal shape In a plan 
view may be used. 

[0104] In a preferred embodiment, the emboss shape 

provided portion comprises a first emboss shape pro- 
videci^ortion protruded on one surface side of the per- 
meable material, and a second emboss shape provided 
portion protruded on the other surface side of the per- 
meable material. Accordingly, the pressure loss of gas 
flow can be further reduced. FIGS. 14 and 15 shows this 
embodiment. FIG. 1 4 is a part of cross-sectional view of 
a mesh 51 , and FIG. 15 shows a state where the mesh 
51 is sandwiched between an electrochemical cell 38 
and a separator 37. 

[0105] The planar shape of the mesh 51 is for exam- 
ple circular. The mesh 51 can be obtained by braiding 
a large number of electrically conductive wires 32. Be- 
tween the large number of electrically conductive wires 
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65A, and FIG. 18 (b) is a cross-sectional view taken 
along a line XVIIIb — XVIIIb of the separator 65A. The 
separator 65A includes gas supply holes 65c and 65d, 
and each gas supply hole communicates with a gas sup- 
ply hole of an electrochemical cell not shown, as de- s 
scribed above. Further, each gas supply hole commu- 
nicates with a substantially circular recess 65e and it 
functions as a receiving portion for a sealing member 
Further, the gas supply hole 65c is provided with elon- 
gated gas distribution grooves 65g and 65h as gas sup- io 
ply passages. On tho main surface 65b side of the sep- 
arator 65A is formed a recess 65f substantially all over 
the separator surface. Each of the gas distribution 
grooves 65g and 65h communicates with the recess 65f. 
The recess 65f functions as a receiving portion for a con- '5 
necting member, and has an effect to allow gas to diffuse 
to the entire surface of the separator 65A. 
[0119] One gas or the other gas flows In the gas sup- 
ply hole 65c, penetrates through the gas distribution 
grooves 65g and 65h, and then flows over the surface 20 
of a ring-shaped gas distributing recess 65f . A gas flow 
passage may be formed in the recess 65f. The main sur- 
face 65b of the separator 65A is opposite to an electrode 
of the electrochemteal cell, as described above. 
[01 20] FIG. 1 9 (a) is a plan view showing a separator 25 
65B, and FIG. 19 (b) is a cross-sectional view taken 
along a line XVIVb - XVIVb of the separator 65B. The 
separator 65B is further provided with an elongated gas 
distribution groove 65j communicating with the gas sup- 
ply hole 65c. 30 
[01 21 ] FIG. 20 (a) is a plan view showing a separator 
650, and FIG. 20 (b) Is a cross-sectional view taken 
along a line XXb - XXb of the separator 650. The sep- 
arator 650 is not provided with an elongated gas distri- 
bution groove in an recess 65e, and Instead Is provided 35 
with an arc-shaped gas distribution groove 65k. 
[01 22] In each of separators of FIGS. 1 8 to 20, a gas 
distribution groove for either of one gas and the other 
gas is provided in the separator However, the gas dis- 
tribution grooves for both gases can be provided in the 'to 
sides of one and the other main faces of the separator, 
respectively. FIGS. 21 and 22 relate to this embodiment. 
[0123] FIG. 21 (a) is a plan view of a separator 65D 
when viewed from the main surface 65b side, and FIG. 
21 (b) is a cross-sectional view of the separator 65Dtak- 45 
en along a line XXIb - XXIb thereof. FIG. 22 is a plan 
view of the separator 65D when viewed from the main 
surface 65a side. 

[01 24] The separator 65D is provided with gas supply 
holes 65c and 65d, and each gas supply hole commu- 50 
nicates with a gas supply hole of an electrochemical cell 
not shown, as described above. Further, each gas sup- 
ply hole communicates with a substantially circular re- 
cess 65e on the main surface 65b side and also com- 
municates with a substantially circular recess 65p on the 55 
main surface 65a side. The respective recess portions 
65e and 65p function as receiving portions for the seal- 
ing members, respectively. Further, the inside of the re- 



cess 65e is provided with elongated gas distribution 
grooves 65g and 65h as the gas supply passages. Also, 
the inside of the recess portion 65p is provided with elon- 
gated gas distribution grooves 65m and 65n as the gas 

supply passages. 

[0125] One gas flows through the gas supply hole 
65c, and then is passed through the gas distribution 
grooves 65g and 65h, so that it flows through a space 
between the separator 65D and the electrochemical 
cell. The other gas flows through the gas supply hole 
65d, and then passed through the gas distribution 
grooves 65m and 65n, so that it flows through a space 
between the separator 65D and the electrochemical 
cell. 

(Description of preferred embodiments of the first and 
second aspects of the present invention) 

[0126] Preferred embodiments common for the first 
and second aspects will be described below. 
[0127] In a preferred embodiment, one gas is an oxi- 
dizing gas and the other gas is a reducing gas. 
[0128] The oxidizing gas is not particularly limited, as 
far as oxygen ions may be supplied to a solid electrolyte 
film from the gas. The gas Includes air, diluted air, oxy- 
gen and diluted oxygen. 

[0129] The reducing gas includes hydrogen, carbon 

monooxide, methane or the mixture thereof. 
[0130] An electrochemical cell means a cell perform- 
ing an electrochemical reaction, in the invention. 
[0131] For example, an electrochemical cell includes 
an oxygen pump and a high temperature vapor electro- 
lyte cell. The high temperature vapor electrolyte cell can 
be used as a hydrogen production device, and also as 
a removing system of water vapor. Further, the electro- 
chemical cell can be used as a decomposition cell for 
NOx and/or SOx. This Decomposition cell can be use 
as a purification apparatus for discharge gas from motor 
vehicles, power generation devices or the like. In this 
case, oxygen in the discharge gas is removed through 
a solid electrolyte film while NOx electrolyzed into ni- 
trogen and oxygen, and the oxygen thus produced by 
this decomposition can be also removed. Further, by this 
process, vapor in the discharge gas Is electrolyzed to 
produce hydrogen and oxygen, and the produced hy- 
drogen redtees NOx to N2. Further, in a preferable em- 
bodiment, the electrochemical cell is a solid oxide fueU 
cell. 

[0132] The one electrode and the other electrode 
each may be a cathode or an anode. 
[0133] The material for a solid electrolyte layer is not 
limited particularly, and may be yttria-stabilized zirconia 
or yttria partially-stabilized zirconia. In the case of NOx 
decomposition cell, cerium oxide is also preferable. 
[0134] The cathode material is preferably lanthanum- 
containing perovskite-type complex oxide, more prefer- 
ably lanthanum manganite or lanthanum cobaltite, and 
most preferably lanthanum manganite. Into lanthanum 
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with a punch having a diameter of 3 mm. Thus, an un- 
even cross-sectional shape vi^as provided to the mesh 
as shown in FIG. 5. 

(Power generation test) 

[0146] FIG. 22 shows a slate where a mesh 51 is 
sandwiched between an electrochemical cell 38 and a 
separator 37 in a power generation device and is loaded 
in a direction A. The electrochemical cell assembled as 
shown in FIG. 22 was sot in an olectric furnace. While 
allowing argon gas to pass on a reducing side and air 
to pass on an oxidizing side, the furnace was heated to 
800 °C and argon was substituted with hydrogen on the 
reducing side. Then while allowing air of 1 L/mIn and 
hydrogen of 1 Umin to flow, current-voltage properties 
were measured, whereby a maximum power of 0.2 W/ 
cm2 was obtained. After the measuring no breakage of 
the cell was observed. In comparison with it, non-em- 
boss shape-formed 200 mesh stainless steel mesh was 
substituted for the mesh 51 and the current-voltage 
properties were measured. A maximum power of 0.05 
W/cm2 was obtained. 

[0147] The present invention has been explained re- 
ferring to the preferred embodiments, however, the 
present invention is not limited to the illustrated embod- 
iments which are given by way of examples only, and 
may be carried out in various modes without departing 
from the scope of the invention. 



Claims 

1 . A holding memberf or holding a planar electrochem- 
ical cell having one and the other main faces, said 
cell being made of a ceramic material with a through 
hole formed therein: 

wherein said holding member is made of a ce- 
ramic material and comprises a planar main body, 
a protruded portion protruding from said main body, 
a first supply hole for supplying one gas formed 
therein and a second supply hole for supplying the 
other gas formed therein, and said main body has 
a sealing surface against said one main face of said 
cell while said protruded portion is inserted into said 
through hole. 

2. The member of claim 1 , wherein said main body 
comprises a gas passage communicating with said 
first supply hole and a space over said cell. 

3. The member of claim 1 or2, wherein said protruded 

portion comprises a gas passage communicating 
with said second supply hole and a space over said 
cell. 

4. The member of any one of claims 1 to 3, comprising 
an additional sealing surface against an separator 



connecting a plurality of said cells. 

5. An electrochemical system comprising a plurality of 
planar electrochemical cells each having one and 

5 the other main faces, a holding member for holding 
said cell, and a separator eleclrically connecting 
said cells with each other: 

wherein said cell is made of a ceramic mate- 
rial with a through hole formed therein, said sepa- 

'0 rator and said cells are stacked alternately, said 
holding member is made of a ceramic material, said 
holding member comprises a planar main body, a 
protruded portion protruding from said main body, 
a first supply hole for supplying one gas formed 

'5 therein and a second supply hole for supplying the 
other gas formed therein, and said main body has 
a sealing surface against said one main face of said 
cell while said protruded portion is inserted into said 
through hole. 

20 

6. The system of claim 5, wherein said main body com- 
prises a gas passage communicating with said first 
supply hole and a space over said cell. 

25 7. The system of claim 5 or 6, wherein said protruded 
portion comprises a gas passage communicating 
with said second supply hole and a space over said 
cell. 

30 8. Thesystemof any one of claims 5 to 7, wherein said 
holding member comprises an additional sealing 
surface against said separator. 

9. The system of claim 8, comprising a first sealing 
3S member between said sealing surface of said main 

body and said first main face of said cell, and a sec- 
ond sealing member between said additional seal- 
ing surface of said holding member and said sepa- 
rator. 

40 

10. The system of any one of claims 5 to 9, wherein a 

pressure is applied on said first main face in the di- 
rection substantially perpendicular to said first main 
face. 

45 

11. The system of any one of claims 5 to 10, comprising 
a gasket for sealing between said separator and 
said holding member. 

50 12. The system of any one of claims 5 to 11 , wherein a 
supply passage communicating with said first sup- 
ply hole and a space over said cell is f ornied in said 
separator. 

55 13. The system of claim 12, wherein a gas passage 
communicating with said first supply hole and said 
space over said cell is not formed in said holding 
member. 
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said protruded portion is inserted into said through 
hole. 

34. The system of clainn 33, wherein said main body 

comprises a gas passage communicating with said 
first supply hole and a space over said cell. 

35. The system of claim 33 or 34, wherein said protrud- 
ed portion comprises a gas passage communicat- 
ing with said second supply hole and a space over 
said cell. 

36. The system of any one of claims 33 to 35, wherein 
said holding member comprises an additional seal- 
ing surface against said separator. 

37. The system of claim 36. comprising a first sealing 
member between said sealing surface of said main 
body and said first main face of said cell and a sec- 
ond sealing member between said additional seal- 
ing surface of said holding member and said sepa- 
rator. 

38. The system of any one of claims 33 to 37, wherein 

a pressure is applied on said first main face in the 
direction substantially perpendicular to said first 
main face. 

39. A connecting member having an electrical conduc- 
tivity to be contacted with an electrochemical cell, 
said cell comprising a solid electrolyte film having 
one and the other surfaces, one electrode provided 
on said one surface of said film and being to be 
brought Into contact with one gas, and the other 
electrode provided on the other surface of said film 
and being to be brought into contact with the other 
gas, wherein said connecting member comprises a 
penneable member including an emboss shape- 
provided portion. 

40. The member of claim 39, wherein said permeable 

member has one and the other surfaces, and said 
emboss shape-provided portion includes afirst em- 
boss shape-provided portion protruding on said one 
face of said permeable member and a second em- 
boss shape-provided portion protruding on the oth- 
er surface of said permeable member. 

41. The member of claim 39, wherein said permeable 
member is composed of a mesh. 

42. The member of claim 39, wherein said permeable 
member is composed of a plate-shaped body with 
a vent hole formed therein. 

43. The member of claim 42, wherein said permeable 
member is a punching metal or etching metal. 



44. The member of claim 42, wherein said permeable 
member is composed of an expand metal. 

45. The member of any one of claims 39 to 44, wherein 
5 said one gas is a reducing gas and said connecting 

member contacts with said one electrode. 
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(54) A holding member for holding an electrochemical cell, a holding structure for the same, an 
electrochemical system and a connecting member for electrochemical cells 



(57) The invention provides an assembly structure 

for facilitating the assembly of laminated single cells, for 
reducing ttie possibility of gas leakage after repeated cy- 
cles of temperature elevation and reduction, and for pre- 
venting tfie reduction of working efficiency of cells due 
to tlie gas leal<age. A plate-shaped electrochemical cell 
9 made of a ceramic material with a through hole 9a 
formed tfierein is held by a holding member 1. The mem- 
ber 1 is made of a ceramic material and has a 



piate-shaped main body 1 a of a shape of a flat plate and 
a protruded portion 1 b protruding from the main body 1 a. 
A first supply hole 2A for supplying one gas and a second 
si:p;.'ly hole 28 for supplying the other gas are formed in 
the holding member 1 . The main body 1 a has a seaftng 
suri'ace 1 c against the one main face 9a of the cell 9 while 
the protruded portion 1 b is inserted into the through hole 
ga. 
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